Introduction: Pathology of the rotator cuff is the cause of most common problems at the shoulder joint and accurate diagnosis is essential for appropriate management. High-resolution real-time ultrasonography and MRI are successful imaging modalities for both rotator cuff and non-rotator cuff disorders and have important implications in the management of rotator cuff pathologies. This study was conducted to Compare the results obtained after the evaluation of rotator cuff injuries of shoulder joint by high resolution Ultrasonography and Magnetic Resonance Imaging. Methods: 50 patients with suspected rotator cuff injuries of the shoulder joint were included in this study over a period of 2years. Patients had presented with various complaints like prolonged pain in the shoulder joint with stiffness,restriction and difficulty in movement of the shoulder joint, traumatic injuries and recurrent dislocations of the shoulder joints. Results: Mean age was 41.6years ( range 15-80 ).Maximum patients were between 41-50 years (24%). 29 were males and 21 were females. In our study diagnostic accuracy of ultrasound in rotator cuff tears was 57. 14% for full thickness tears and 58.33 for partial thickness tears. The diagnostic accuracy of ultrasound in detection of complete tear of the supraspinatus muscle was 57.14% while that of MRI was 100%. Conclusion: High resolution Ultrasound being a dynamic study can be used as the first-line investigation for rotator cuff tear. Full-thickness rotator cuff tears can be identified using ultrasound and MRI with comparable accuracy.
Introduction
Rotator cuff injuries are described as partial and full thickness, acute and chronic, traumatic and degenerative. Cuff failure is almost always peripheral near the attachment of the cuff to the tuberosities and always begins in the supraspinatus part of the rotator cuff near the biceps tendon 1 .
Rotator cuff failure is one of the most common causes of the shoulder pain and dysfunction in patients over 40 years of age. Fiber failure demonstrates a sequential progression from the partial thickness tear almost always starting in the Supraspinatus to massive tears involving multiple cuff tendons 2 . A full thickness tear involves tendon defect, which extends all the way from articular to the bursal surface of the rotator cuff and a partial thickness tear involves only the superfi cial surface, mid substance or deep surface. Acute tears occur suddenly as a result of a defi nite injury, whereas chronic tears are those that have existed for a long time, eg three months or more and may be insidious in onset and degenerative in nature.
The introduction of Ultrasound machine with highresolution linear array transducers has greatly expanded the diagnostic capabilities in the examination of shoulder. Ultrasound is effective in the detection of acute traumatic tears of the rotator cuff. Transducers with frequency of 7 to 10 MHz and even higher frequency are preferable to those with lower frequency.
MRI is presently extensively used for the investigation of a range of shoulder disorders 3 and has a high diagnostic accuracy. Interruption of tendon continuity is the most specifi c MR fi nding of full thickness rotator cuff tears while subacromial fl uid is the most common fi nding in full thickness rotator cuff tears 4 .
This study was undertaken to comparatively evaluate injuries of the rotator cuff in various population groups using high resolution Ultrasound Imaging System with multifrequency linear array probes and 1.5 Tesla Siemens Symphony MRI equipment. Results of Ultrasound and MRI fi ndings were subsequently compared.
Methods
50 patients with suspected rotator cuff injuries of the shoulder joint were included in this study over a period of 2 years. The patients had varied presentations like pain in the shoulder joint, traumatic injuries in shoulder joint, restricted and diffi culty in movement of shoulder joint. The study was undertaken to correlate the fi ndings on High Resolution Ultrasound and Magnetic Resonance Imaging.
All the cases initially attended the orthopaedic and surgical OPD and were subsequently referred to Radiology Department for further investigation. A detailed history was taken for age, sex, occupation, preexisting illness, cause of pain and mode of injury. Patients were asked about the duration of pain, diffi culty with any restriction in shoulder joint movement, inability to bear weight, any weakness and numbness in the arm. This was followed by a thorough clinical examination to determine the site involved, any area of swelling, range of movement to determine the extent of movement restriction, tenderness, lacerations or any associated injuries. 
Criteria for Rotator Cuff Tear On High Resolution Ultrasound

Results
Fifty patients with history of shoulder pain were evaluated using High Resolution Ultrasonography and then by MRI.
In our study the age incidence ranged from 15 years to 80 years. Mean age of patients was 41.6 years. Most patients (66%) were between 41-60 years of age. Maximum patients were between 41-50 years (24%), followed by 60-80 years (22%) and 51-60 years (20%). The incidence of shoulder injuries was the least (8%) in patients below 20 years of age; this was followed by an incidence of 12 % in the age group of 31-40 years.
In our study 14 cases of full thickness tears of the rotator cuff were detected using ultrasonography and MRI. The diagnostic accuracy of ultrasound in detection of complete tear of the supraspinatus muscle was 57.14% while that of MRI was 100%. Sensitivity and specifi city of MRI in diagnosing full thickness rotator cuff tears in our study are 100% as compared to those of Evancho et al 5 who reported a 80% sensitivity and 94% specifi city for complete rotator cuff tears by MRI. Burk and coworkers 6 compared MRI to arthrography, ultrasound, and surgery in a smaller series of surgically confi rmed cases. They found that MRI had better sensitivity and specifi city (92% and 100%) than ultrasound (63% and 50%) in the detection of full thickness tears.
In our study the diagnostic accuracy of ultrasound in rotator cuff tears was 57.14% for full thickness tears and 58.33 for partial thickness tears. The sensitivity and specifi city of ultrasound in full thickness tears in our study were 57% and 50 % respectively and for partial thickness tears were 63.6% and 60% respectively. Our result correlates well with the fi ndings of Burk Jr et al (6) in which the reported sensitivity and specifi city for ultrasound were 63% and 50% respectively. However their study was done in a smaller series of 10 surgically confi rmed cases of rotator cuff tears. According to their study large tears were relatively easily detected owing to their marked asymmetry when compared with the normal contralateral side. However small or partialthickness tears in which a defect in the cuff cannot be shown were missed because of the limited contrast resolution of the technique.
In our study, out of the six patients with subacromial/ subdeltoid bursitis fi ve were diagnosed by ultrasound and MRI diagnosed all six. Thus the diagnostic accuracy of ultrasound in detecting subacromial/subdeltoid bursitis was 83.33% and that of MRI was 100%. However subacromial/subdeltoid bursitis in these patients were not associated with rotator cuff tears. According to Teefey et al (9) when fl uid is present in both the subacromial/ subdeltoid bursa and the joint, the probability of a rotator cuff tear is 95%. When fl uid is present only in bursa, the predictive value for a cuff tear decreases to 70%., and when fl uid is seen only in the joint, to 60%. In an another study by Hollister et al (10) who evaluated the association between sonographically detected joint fl uid and rotator cuff disease in 163 shoulders, it was found that sonographic fi nding of intra-articular fl uid alone (without bursal fl uid) has both a low sensitivity and a low specifi city for the diagnosis of rotator cuff tears. However, the fi nding of fl uid in the subacromial/subdeltoid bursa especially when combined with a joint effusion is highly specifi c and has a high positive predictive value for associated rotator cuff tears. Our fi ndings correlate well with the fi ndings of these two studies.
Discussion
In the present study 50 patients who presented with clinical signs and symptoms of rotator cuff injuries were subjected to plain radiograph of the affected shoulder followed by high-resolution ultrasound using linear array transducer of multiple frequencies ranging from 7 MHz to 10 MHz and then by MRI using 1.5Tesla equipment. The fi ndings on ultrasonography and MRI were then correlated.
Tears of the subscapularis tendon have been considered uncommon, Codman et al 7 reporting an incidence of 3.5% involvement of the subscapularis in a series of 200 rotator cuff tears. It has been seen that eight percent of rotator cuff injuries have tears of the subscapularis tendon in association with tears of other components of the rotator cuff in a more recent series 8 . Isolated ruptures of the subscapularis tendon are considered uncommon but may occur secondary to acute abduction and external rotation trauma and in elderly patients with recurrent anterior dislocation 8 . Rupture or subluxation of the biceps tendon is also commonly seen in association with tears of the subscapularis tendon 8 . These fi ndings correlate well with our study in which one case of complete rupture of the subscapularis tendon in association with full thickness tear of supraspinatus and dislocation of the long head of biceps was detected in MRI which could not be seen on ultrasound. Thus the percentage of involvement of subscapularis in our study was 3.8%.
Shoulder impingement is a syndrome where active arm abduction or elevation creates pain as the supraspinatus tendon slides beneath the coracoacromial arch. This can occur when the space containing the supraspinatus bound by the scapula and the coracoacromial arch is decreased, such as from a subacromial entheosphyte spur. The sequelae of shoulder impingement include subacromial-subdeltoid bursitis and rotator cuff tear 11 . Impingement syndrome affects people of all ages from young adults to the elderly and is most often due to repetitive trauma caused by vigorous overhead occupational or athletic endeavors and /or degenerative exostoses [12] [13] [14] [15] . With sonography, the diagnosis of shoulder impingement can be suggested when pooling of fl uid within the subacromial-subdeltoid bursa occurs with active arm elevation 11 . Out of 50 patients in our study 8 patients had subacromial impingement syndrome. We could confi rm 2 patients of impingement syndrome by dynamic ultrasound and the other 7 were confi rmed on MRI. The diagnostic accuracy of ultrasound was 25% and that of MRI 87.5%. The sensitivity and specifi city of ultrasound was 25% and 97.7%, whereas that of MRI was 87.5% and 95.45 respectively. Farin, Jaroma et al 16 reported sensitivity of 71% and specifi city of 96% and an accuracy of 91% in the ultrasonographic diagnosis of early stage of impingement (stage I-II, without rotator cuff tear). In the present study osteophytes and subacromial spurs were seen in only three cases. In the present study, fl uid collection could be observed in two patients, which was detected on shoulder ultrasound. These fl uid collections represent lesions defi ned by Neer 17 and Neer and Welsh 18 as stage I or stage II impingement. MRI is capable of depicting several soft -tissue and bony abnormalities clinically described in impingement syndrome. In regions of infl ammation MRI depicted compression of supraspinatus and subacromial bursa by spur in 3 shoulders, capsular hypertrophy of the acromioclavicular joint in 2 shoulders and a low lying acromion in 2 shoulders. While T1 weighted MR imaging is highly sensitive to abnormalities of the supraspinatus tendon, tendonitis could be differentiated from a small tear of the supraspinatus tendon only with T2-weighted imaging.
Ultrasonography can detect labral tears but its diagnostic accuracy is less, being only 40%. Out of the fi ve patients with labral tears in the present study ultrasound detected only two whereas MRI detected 4 patients. Thus MRI had a diagnostic accuracy of 80%. Glenoid labral tears have been associated with overhead throwing activities, trauma, and shoulder instability like recurrent dislocations. All the fi ve patients presented with complaints of acute shoulder pain associated with weakness in abduction and forward fl exion. Two patients out of fi ve had recurrent dislocations. Routine shoulder roentgenograms were normal in all those 5 cases of labral tears. The sensitivity of ultrasound in the diagnosis of glenoid labral tears in our study was 50% whereas sensitivity of ultrasound has ranged from 67% to 95% as concluded by Hammar MV et al 19 and Taljanovic MS et al 20 . Our fi ndings of labral tears in dynamic ultrasound were similar to that as described by Hammar et al 19 who reported that a hypoechoic zone larger than 2 mm or abnormal labral movement with dynamic imaging indicates labral tear. The sensitivity and specifi city of MRI in diagnosing labral tears in our study were 80% and 94% respectively by using a combination of gradient-echo and high-resolution fastspin-echo axial pulse sequences. Gusmer PB, Potter HG et al 21 carried out an unenhanced MR imaging in one hundred three patients with clinically suspected shoulder injuries and prospectively assessed the accuracy of magnetic resonance (MR) imaging in the detection of labral injuries using same pulse sequences as in our study. Surgical correlation was obtained in all patients. The sensitivity and specifi city for detection of these tears with MR imaging was 86% and 100% respectively. Overall MR imaging was 95% accurate in the detection of labral injuries in their study.
A total of fi ve cases of calcifi c supraspinatus tendonitis were detected in our study of patients with painful shoulders. Patients presented with symptoms of pain at rest, at night and limitation of motion of the shoulder joint. The age range of the patients affected with calcifi c supraspinatus tendinitis was from 40 to 70 years. The pathogenesis of calcium hydroxyapatite crystal deposition is unknown, although trauma, ischaemia, or other systemic factors may induce abnormalities in the connective tissue, leading to crystal deposition 22, 23 .
Crystal deposition most commonly occurs in the tendinous and bursal structures about the shoulder, particularly the supraspinatus tendon. Gotoh M et al 24 in 2003 documented the clinical, radiographic and histologic fi ndings in a 46-year-old man with calcifying tendinitis in his left shoulder, which progressed to rotator cuff tear. The patient had a one-year history of repeated calcifying tendinitis before being referred to the hospital. Initial radiographs and magnetic resonance imaging (MRI) revealed calcium deposition localized in the supraspinatus tendon without apparent tear. MRI done after 3 months revealed a partial-thickness rotator cuff tear at the site of calcium deposition. Surgical and histologic fi ndings demonstrated that calcium deposition was the cause of cuff rupture. According to the authors this was the fi rst case based on review of literature so far in which the progression from calcifying tendinitis to rotator cuff tear was serially observed. The fi ve cases of calcifi c supraspinatus in our study however were lost in follow up.
Thus in the evaluation of rotator cuff injuries high resolution ultrasonography is the primary imaging modality, however MRI continues to remain the gold standard in accurate localization, characterization and assessment of rotator cuff injuries.
Conclusion
MRI however a costly investigation, is the gold standard in evaluation of rotator cuff pathologies. Ultrasound although being operator dependent and not as accurate as MRI, provides a rapid real time non-invasive cross sectional imaging of the joint. High resolution Ultrasound can be considered as primary modality for imaging rotator cuff pathologies, as it is readily available and is cost effective.
